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Outline 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• To provide the community of researchers that will access and evaluate the 
CMIP5 model results access to analogous sets (in terms periods, variables, 
temporal/spatial frequency, dissemination) of satellite data. 

•  To be carried out in close coordination with the corresponding CMIP5 
modeling entities and activities –  Working Group on Coupled Modeling 
(WGCM). 

•  To directly engage the observational (e.g. mission and instrument) science 
teams to facilitate production of the corresponding data sets and 
documentation. 

Modelers  Satellite  
Experts 

Analysis 
Community 

Main Target Community 

Model Output 
Variables 

Satellite Retrieval 
Variables 

Target Quan55es 

Satellite Observa-ons for CMIP5 Simula-ons 
Some Basic Tenets of this Ac-vity 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1.  Use the CMIP5 simulation protocol as guideline for deciding which 
observations to stage in parallel to model simulations. 
Target is monthly averaged (CMON, AMON) products on 1 x 1 degree grid  

2.  Work with satellite community to identify data sets [e.g., AIRS, MLS, 
TES, QuikSCAT, CloudSat, Topex/Jason, CERES, TRMM, AMSR-E, 
TRMM] 

3.  Work with observational teams to produce 4-5 page Technical Note 
describing strengths/weaknesses, uncertainties, dos/don’ts regarding 
interpretations comparisons with models.  (at graduate student level) 

4.  Transform satellite observations into CMIP5 compliant format (to the 
greatest extent possible – should look like model output) 
Not new products, but reformatted existing products, with perhaps some 

interpolation 

5.  Provide a strategy for accessing them that has close parallels to the 
model data archive (using ESG). 

6.  Advertise availability of observations for use in CMIP5 analysis. 

Satellite Observa-ons for CMIP5 Simula-ons 
Main Tasks for CMIP5 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NASA Recommended Datasets for CMIP5 

Match up of 
available 

NASA  
datasets to 

WGCM 
priority list 
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Why use the Earth System Grid (ESG) 
to distribute observa5ons for CMIP5? 

•  The CERES data Product site 
–  Works great 

–  Easy access  
–  But, doesn’t appear to users in the 

same way as the CMIP5 data 

•  CERES, along with other satellite 
data products  will reside along with 
the CMIP5 model output products 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Satellite Observa5ons for CMIP5 Simula5ons 
Example Technical Note – AIRS 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Satellite Observa5ons for CMIP5 Simula5ons 
 Example Technical Note – AIRS 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Satellite Observa5ons for CMIP5 Simula5ons 
 Example Technical Note – AIRS 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•  Pilot Project to establish a NASA-wide capability for the climate modeling 
community to support model-to-data intercomparison.  This involves IT, satellite 
retrieval, data set, modeling and science expertise. 

Longer Term 
•  Provide a science “bridge” between models and satellite observations to 

facilitate model improvement and reduce projection uncertainty.  This is also a 
focus of the new JPL Center for Climate Science.  

Ultimately 
•  Utilize feedback/community collaboration to develop future climate-critical 

satellite missions.  The modeling community has yet to be galvanized to provide 
feedback to the satellite-development community. 

This project is on course to deliver NASA satellite data sets by the end of May for 
the evaluation of CMIP5 climate model archive and impact the IPCC AR5. 

Satellite Observa-ons for Climate Modeling 
SUMMARY 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What is the Earth System Grid? 

•  A site can be both a Gateway and a Data Node 
•  Independent Gateways federa5ng metadata, users 
•  Any user can discover any data from any Gateway 
•  Each data node publishes to one or more Gateways 
•  Specific data collec5ons are managed through specific Gateways 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 Gateway Nodes: where data is discovered and requested 
 Gateway Node func5onality includes  
• portals, registra5on and user management 
• search capability, distributed metadata 
• may be customized to an ins5tu5on’s 
      requirements, topical focus 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Critical Functions 
•  Data Versioning ‐ A user must be able to uniquely iden5fy, access, and cite any 

published object (e.g., files, datasets, collec5ons, and aggrega5ons) in the 
database as it existed at any point in the life5me of the database. 

•  Replica-on ‐ A node can choose to replicate a collec5on of the datasets 
published by a different node. This includes replicas of aggregated datasets. 

•  Metrics ‐ Quan5ta5ve measurement and repor5ng of the usage and 
performance of the ESG Enterprise system. 

•  Bulk Data Movement (BDM) ‐ The transfer of large collec5ons between sites 
reliably and with good performance and with a high‐level of easy‐of‐use. 

•  Provenance ‐ important for science because it helps to interpret and reproduce 
the results of an experiment; to understand the chain of reasoning used in the 
produc5on of a result; to verify that the experiment was performed according to 
acceptable procedures, to track who performed the experiment and who is 
responsible for its results. 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Once the data is rewriJen to have the same “look” as 
model data the meta data is published at the gateway 

Tools for publishing (sending the 
meta‐data to the gateway) 
–  Versioning is maintained   

–  Publishing, unpublishing, help via 
web browser and comments 
collected and displayed.   

–  The Delete op5ons allow a user to 
remove datasets from the Thredds 
Server, Gateway with the op5on to 
keep it on the local DB. 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The Publisher… 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ESG Search Capabili5es 

•  User Registra5on.  

•  User and Group Management  

•  Login  
•  Data Browsing  

–  Support for file system‐like hierarchies and high‐level associa5ve arrangements  

•  Data Search  
–  The search component provides simple and familiar text‐based search as well as advanced 

capabili5es using a dynamic faceted query interface for detailed metadata inquiry  

•  Data Download  

•  Data Transfer  

•  Data Visualiza5on and Sub‐SeHng  

•  Model Metadata Trackback  

•  User Workspace  

•  Metrics Repor5ng 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ESG Search capabili5es 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Deadlines 

•  CMIP5  
•  Observa5ons for CMIP5 

– Plan for end of May, 2011 

– May slip 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Introduction and Motivation 

  Importance of realistically simulating convective cloud 
systems in climate models 
  Radiation budget 
  Precipitation 
  Large-scale circulation 

  There is a strong coupling between convection, radiation, 
and large scale circulation in the real Earth system 

  Challenges: 
  Improvements in models increasingly need to be process-based 
  Desire to exploit the tremendous amount of detailed information 

contained in current and next generation satellite systems 
  How to evaluate simulated cloud systems in GCMs, which are not 

expected to reproduce features at the observed time and location 
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Objectives 
1.  Explore new ways of comparing/merging models  

and observations 
2.  Evaluate simulated deep convective cloud 

systems in the tropics using multisensor 
observations 

3.  Examine sources of error inherent in the  
model evaluation process 

  Use 1997-1998 El Nino as a test case 
  Force model in AMIP mode, examine response of 

cloud systems 
  Is convection properly coupled to the large scale? 
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GMS-5 Visible 2100 UTC 

Cloud Objects 9 February 1998 

CERES Footprints PDF: Optical Depth PDF: Outgoing LW PDF: Outgoing SW 
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Deep Convective Cloud Observations  
During the 1997/1998 El Nino 

 Deep convective cloud objects identified from CERES 
instrument on TRMM (Xu et al. 2005, J. Climate) 

 Defined as a contiguous region of cloud between [-25,25] 
deg. latitude and [130,-80] deg. Longitude with: 
 Optical depth > 10 
 Cloud top height > 10 km 

 Obtained for the time period of CERES on TRMM  
(January – August 1998, March 2000) 

 Examples follow 
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All Objects Grouped by Month 
  Square: < 150 km 
  Circle: 150-300 
  Triangle: 300+ km 

  Green: 0600 – 0900 LST 
  Yellow: 0900 – 1200 LST 
  Magenta: 1200 – 1500 LST 
  Blue/Green: 1500 – 1800 LST 
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Signal of the 1997/1998 El Nino  
in Deep Convective Cloud Objects 

 Examine the fraction of 
objects occurring in the 
 West: [130,180] deg. lon 
 Central: [-180,-130] deg. lon 
 East: [-130,-80] deg. lon 

  Systematic decrease in 
fraction of objects occurring 
in Central Pacific 
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Numerical Model 
  NASA GEOS-5 model run in two configurations 
  Reanalysis (MERRA) 0.5 x 0.625 deg. lat/lon grid 

  Flow, thermal and moisture fields, and precipitation are 
constrained by observations.  

  Cloud properties and convection generated by model physics, but 
cloud systems should occur at ~ the correct place and time. 

  Prescribed SST (AMIP) 2.0 x 2.5 deg. lat/lon grid 
  Prescribed ocean state, but atmosphere is free to evolve.  
  No constraint to place clouds in the correct place and time 

  Resolution far too coarse to resolve mesoscale 
circulations—convection is entirely parameterized 

  Desire realistic interaction between convection, radiation, 
and large scale circulation 
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Comparison Methodologies 

1.  Compare objects with MERRA grid boxes 
collocated in space and time 

2.  Evaluate free-running GEOS-5 by  
  Identifying regions where we would expect persistent 

deep convection (consistent with the large scale 
circulation)  

  Performing the comparison only in these regions.   
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Cloud Objects 

  Database of cloud properties subset into different 
cloud types 

  Contain information on cloud physical and 
radiative properties 

  Can be treated as a sample of the variety of real-
world deep convective systems 

  PDFs contain information on the relative 
frequency of thin vs thick cloud and on the 
distribution of values of TOA radiative flux 

  Challenge: extracting similar PDFs from a model 
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Mapping Model to Observation Space 

  Observations consist of a sample of CERES measured 
and retrieved quantities on CERES 10x10 km footprints 

  Need to disaggregate model grid boxes into subgrid 
scales 

  Methodology 
  Run ISCCP subcolumn generator (max-random overlap) 
  Divide cloud mass among subcolumns and run Fu-Liou radiative 

transfer model 
  Compare PDFs of cloud optical depth, total water path, and 

Outgoing LW and SW radiative flux.  
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